The behaviour of the cases in this group shows the dangers of recurrent infection, that episodes of retention occur after relief of all visible physical obstruction as described by Swenson, and lastly the tendency for congenital lesions of the urinary tract to be multiple. 5 cases of abnormalities of the upper urinary tract and ureter were then shown. They comprised a hydronephrosis and hydro-ureter, the upper half of a double kidney with function, and a similar case in which there was no function. In the second case of this group (Case VI) the upper renal pelvis was small and the seat of atrophic pyelonephritis. The ureteric abnormalities shown were: congenital stricture in the middle and at the vesical orifice of the same ureter, and a very large megalo-ureter caused by a large ureterocele, treated by resection of ureterocele and the middle third of the ureter in two stages.
The behaviour of the cases in this group shows the dangers of recurrent infection, that episodes of retention occur after relief of all visible physical obstruction as described by Swenson, and lastly the tendency for congenital lesions of the urinary tract to be multiple. 5 cases of abnormalities of the upper urinary tract and ureter were then shown. They comprised a hydronephrosis and hydro-ureter, the upper half of a double kidney with function, and a similar case in which there was no function. In the second case of this group (Case VI) the upper renal pelvis was small and the seat of atrophic pyelonephritis. The ureteric abnormalities shown were: congenital stricture in the middle and at the vesical orifice of the same ureter, and a very large megalo-ureter caused by a large ureterocele, treated by resection of ureterocele and the middle third of the ureter in two stages.
The points made were that in the cases of re-duplication of ureter and renal pelvis diagnosis is easy when function is present; when it is not present it may be extremely difficult without an exploratory operation. Conservative methods had been used in both cases of enlarged ureter with the establishment of good physical drainage, in spite of this the pyuria persists and it is probable that nephro-ureterectomy may still be required. Even so, it is felt that conservative methods are best in such cases owing to the danger of a latent contralateral abnormality giving trouble in later life.
In conclusion it is hoped that this short presentation will have revealed the difficulties which may occur in the diagnosis of the basic cause of pyuria in children and that the problems of management have been clearly displayed.
Lastly I should like to express my thanks to Professor Stanley Graham and Dr. J. Holmes Hutchison for referring some of these cases to me; to the Radiologist, Dr. S. P. Rawson, for the radiographs and to Mr. J. L. A. Evatt, the Department of Medical Photography, for the reproductions. REFERENCE SWENSON, 0. (1955) Arch. Dis. Childh., 30, 1.
Mr. Thomas Moore asked whether the author had not found that the commonest type of case which had recurrent pyuria was the child with a unilateral or bilateral dilatation of the ureter without any organic obstruction. What did he do in such a case?
Mr. Alex. E. Roche asked whether a form of ureteric achalasia accounted for dilatation of the ureter, in the absence of obstruction to a catheter; whether it was not sufficient in some cases and less risky to remove the kidney and only part of the ureter, rather than the whole of it: and whether, as a lesser alternative to nephrectomy or nephro-ureterectomy, one might not, in selected cases, anastomose the dilated ureter to the bladder.
Mr. N. L. Shepperd said he was interested in Mr. Maitland's case in which the pyelogram showed that after removing the bladder-neck valve megalo-ureters persisted. These megalo-ureters had a separate aetiology, neurogenic in origin, and were vastly improved after bilateral ureterolysis.
Mr. Maitland in reply to Mr. Moore's question on bilateral dilatation of the ureter, stated that there could be obstruction at the ureteric orifice. In reply to Mr. Roche the catheterization of the ureter had not been difficult. He thought on the second point Mr. Roche had raised that the paediatricians tended to push the surgeon when the latter would probably prefer to delay intervention. Cases VIII and IX demonstrated the doubtful value of conservative treatment.
Anastomosis of the dilated ureter left the dilatation, and most surgeons preferred to remove it, although one could always try an anastomosis or resection of a part and, if necessary, resect the kidney later.
Anatomical Abnormalities Found in the Urinary Tract of Enuretics, their Significance and Surgical Treatment By GEORGE D. F. MCFADDEN, M.Ch., F.R.C.S. THE problem of enuresis is a serious one and one which has hitherto seemed insoluble. The adult enuretics hide their defect. It is only in such times as war that the medical world learns of the number of adult sufferers by the number of enuretics amongst the conscripts.
The sufferer may never have attained normal continence. He may have acquired normal night continence and remained so for several years, then this normal period has been succeeded by the onset of nocturnal enuresis which has remained permanent. In a number the period of wet nights is succeeded by a period of dry nights. Some have associated frequency of micturition during the day. In some the nocturnal enuresis only occurs at odd times in an apparently normal person. Some cases have associated loss of bladder control during the day; some, besides loss of bladder, have loss of rectal control.
From the anatomy and physiology of the bladder control it is clear that the function of the bladder will be affected by a lesion or defect in any part of it from the cerebrum to the bladder outlet. In the brain there is suggestive evidence that there is an inhibitory centre for the bladder near the leg centre as well as a centre for tone in the mid-brain and possibly an excitatory centre. The result of the involvement of the nerve tracts in controlling the spinal cord at different levels is well known and also the results of lesions of the parasympathetic and sympathetic pathways. The bladder musculature, the competence of the sphincters and the question of obstruction to the outflow from the bladder must be considered.
Over all psychic factors may be dominant. The whole symptom complex must be analysed and the seat of the lesion determined so that appropriate treatment may be undertaken.
From our investigations abnormalities in the mechanism of the bladder sphincter brought about by obstructive and nerve lesions play a larger part in the production of enuresis than has hitherto been acknowledged (Fisher and Forsythe) , and these enuretics must be treated surgically. Uising the modern endoscopic instruments and the opaque barium technique of cysto-urography, for which I am indebted to Dr. Ian Forsythe, some 300 cases of persistent enuresis have been investigated. It was found that about 50% of the boys and 40% of the girls had abnormalities of the urinary tract, as follows: These results do not quite conform to those of other investigators. For example, residual urine was not encountered in the case of valves; this is contrary to what is commonly accepted as one of the signs of valves in the urethra. These patients can empty their bladder. These valves are not the diaphanous membrane commonly seen in museums but thickish folds of mucous membrane-exaggerated folds of the crista urethralis ( Fig. 1 ). One can see that if the fold is causing a gross obstruction it will become stretched out and thin, and in this condition it is not far from the post-mortem room and thence to the museum. Sometimes one sees these diaphanous folds in museums apparently as low as the bulbus urethrn. Astley has shown by X-ray cinematograph that during micturition these folds are pushed down. That the urethral folds seen during urethroscopy are not just anatomical curiosities but cause definite resistance to the flow of urine is shown by the dilated post. urethra behind them and by trabeculation of the bladder that is practically always present and also by the frequency of diverticula encountered (Fig. 2) . At first the effort needed causes a hypertrophy of the muscle of the bladder and trigone causing decreased bladder capacity and a narrowing of the vesical neck, but eventually the internal sphincter, if no infection supervenes, gives way and the wide bladder neck is produced (Fig. 3 ). The permanent narrowed bladder neck only present in 3 of our cases is probably due to superadded infection with resulting fibrosis and causing a submucous fibrous layer (Fig. 4 ). In our 117 cases infection of the urine was present in 4 cases, only mild in 1, and in the severe cases it is associated with dilated ureters.
These dilated ureters are capable of contracting down and can show active peristalsis.
Bums, Pratt, and Hendon in a review of 81 cases state that there was bladder-neck contraction in 78 and only 3 post. urethral valves. Infection and residual urine were common but trabeculation not common. Helmholtz in a review of 49 cases of urinary incontinence at the Mayo Clinic also draws attention to bladder-neck contraction, 31 out of 49, of which 14 were enuretics. Infection was common yet he found no valves. He thought this was due to the fact that those with valves had probably died earlier in life. As far as I am aware, none of these observers used the barium cysto-urethrography technique.
That the hypertrophied muscle at the bladder neck can return to normal once the obstruction is removed is shown by the increased capacity of the bladder after removal of valves. Also if the urine keeps free from infection and the obstruction persists the bladder neck will dilate giving an abnormally wide opening. This is still capable of returning to normal if the obstruction is removed in time, but if it persists it will be necessary to bring about mucosal apposition by operation before normal conditions are restored. bladder or internal urethral orifice. In many of the cysto-urethrograms the verumontanum shows up as a marked filling defect. Sometimes it would appear to me that this colliculus is more pedunculated than others and a protrusion down the urethra with the force of urine behind it abutting it against folds which, with a normal colliculus, would not hamper the stream, may be a cause of obstruction.
Here the folds are removed.
Seen through the urethroscope the verumontanum varies in appearance, polypi may be present even in the child without any symptoms. If a prominent verumontanum is present and the case is one of enuresis without complications I prefer to leave it alone and await results. The chance of causing sterility is too high a price to pay for its removal. l Valves were not found in the urethra of girls, but a dilated urethra and internal orifice were common; 25 in all ( Fig. 5 ). In some of these the external meatus was abnormal in that FIG. 5.-Female. Enuresis associated with meatal stenosis, dilated urethra and dilated bladder neck. a fold passed across it from behind diverting the stream more forward. This has been commented on by Higgins. If a hook is passed up the urethra and dragged down it causes this post. fold to dip lower than the orifice, so we can see how a stream of fluid can, in these cases, produce a valvular obstruction. In 2 cases where this was the only abnormality found, removal of the fold cured a hitherto intractable enuresis. Some urethras would only admit the tip of a number 7 Charriere bougie. In others no external abnormality could be found, but, as urine is secreted from three months' intra-uterine life, any slight obstruction as sticking together of the labia could cause obstruction and widening of the urinary passage, as suggested by Higgins. There was one case of non-bacterial vulvo-vaginitis. This dilatation of the internal orifice, the result of some obstruction, is to be distinguishF from the dilatation that is neurogenic in origin. Here, instead of the rounded angulation between the bladder and the urethra in the cysto-urethrogram there is a smooth funnelling where the bladder shadow passes imperceptibly into that of the urethra. There were 5 girls and 8 boys with this condition. Spina bifida was associated with some of these-2 girls and 5 of the boys. In this group the patients were often normal for several years befote enuresis developed. It takes some years before the relative length of the spinal column to the length of the dura mater becomes so pronounced as to cause pressure or a lipoma to grow sufficiently to press upon the spinal nerves, so late urinary symptoms might be expected. In some no cause was found. Fecal incontinence was associated with urinary disturbance in 6 of the 8 boys and in 1 of the 5 girls.
The symptoms complained of are not definite enough to distinguish between the psychological and the physical cause of bed-wetting. Dribbling, straining, incontinence on laughing, and in a baby constant wet napkins point to an organic cause, but urgency, frequency, and even fecal incontinence are common to both. The patient who has only occasional-bouts of nocturnal enuresis is most probably psychological.
It is interesting that-except in the neurogenic variety-coughing, sneezing and straining do not cause leakage of urine, but laughing may. This is to be expected if the mechanism of the sphincter is considered. All sphincters connecting with the exterior have a common mechanism. If one takes a fresh stomach with esophagus attached, fills the stomach with water and then inverts it, water will flow out through the cesophagus, but if the cardiac end of the cesophagus is gently gripped so that the mucosa is in apposition even so loosely that a catheter No. 12 can be passed easily through it, the cardia will resist the pressure of watereven that of a full pint. At first it seems strange that such a loose approximation could be so watertight, but on fuller consideration one recalls that this is the state of affairs of the bladder sphincter. A catheter can always be glided easily into the bladder. In other words, the sphincteric mechanism at rest does not squeeze the mucosa tightly but only keeps the mucosa of the sphincteric ring in gentle apposition. The involuntary sphincteric muscle has only power to contract a specific amount. If there is an overstretched sphincteric ring, maldeveloped mucosa, inefficient musculature, or when the mucosa is removed by trauma as after a rough prostatectomy, there will be lack of apposition of the mucosa at the sphincteric opening and, unless another mechanism is brought into action, incontinence will result. Now, an external sphincter has around it voluntary muscle to support it in times of stress and strain. The diaphragm exerts its pinchcock action at the lower end of the cesophagus; at the other end of the digestive tube the levator ani group surround and support the delicate sphincters of the rectum and bladder. If these voluntary muscles are torn, injured, paralysed, or congenitally misplaced, then stress incontinence supervenes. If on the other hand the involuntary muscle has lost its tone or has been continually overstretched so that mucosal apposition is not attained, continence may still be achieved by the tonic contraction of the voluntary muscle (Fig. 6 ). If a patient with this latter state, who is depending on his volunii F'~~II Physicians have tried to help the enuretic by prescribing drugs that help to keep him halfawake, or a child in a strange bed may not relax completely and have a dry night. When the mucosal defect is small, the passage of an instrument or a mere fulguration may swell the mucosa up sufficiently to keep it gently apposed for a time and so be followed by dry nights.
The folowing case appears to help in understanding nocturnal enuresis when due to defective involuntary muscle in the sphincteric mechanism. This child was born with a defect of the subumbilical part of the primitive streak. She had an ectopia vesice, no anal canal but two fistulous openings, one on each side and a spina bifida ventosa. This child could not be treated by transplantation of the ureters till a competent anal sphincter was constructed. First a colostomy was done to divert the fices from the perineum and, although urine was constantly trickling over the perineal area, it was hoped by adequate nursing to get a healing wound. As in congenital dehiscence of any part of the body the embryonic elements are still present although misplaced, we proceeded to expose the perineum, the fibrous mid-band between the fistulous openings was removed and sphincteric apparatus constructed by bringing the levator ani behind and in front of the ano-rectal area and the remnants of the external sphincter on each side approximated. In this way a sphincteric mechanism was constructed. The rectum was then tested to determine if it would hold water. When the sphincter was found competent to hold water the colostomy was closed and the ureters transplanted into the colon and the ectopic bladder removed. Now this child as a result of her operation developed good control during the day. She could go without evacuation and keep dry for three to four hours during the day and go to school and take part in all school sports without leakage, but this child when she fell asleep at night wet the bed; there was no faecal incontinence. She had in other words nocturnal enuresis. The voluntary muscles used to contract the sphincter could keep the mucosa of the anal canal in apposition, but when this voluntary muscle relaxed in sleep the mucosa was no longer in apposition and water passed out.
We see a similar condition to be present in many enuretics; there is a lack of mucosal apposition by the involuntary muscle, but during the day this can be approximated by their I voluntary muscle, but in deep sleep with relaxation of their voluntary muscle urine passes out and the bladder is evacuated.
It was thought that an operation that would bring about mucosal apposition by theinvoluntary muscle might cure many cases of enuresis.
My first case was a young woman aged 25 who had never had a dry night in her whole life. It was very instructive. At operation the urethra was separated in the perineum from the vaginal wall and the urethral mucosa plicated with silk ligatures until the urethra was narrowed to a No. 7 English size catheter. In this way the mucosa was approximated. Next morning that young woman's face was like one transfigured-she had had a dry night for the first time in her life, and she continued dry for about three weeks. Then the enuresis recurred to our mutual sorrow. The urethra was then measured again, and it was found that the urethra was as large as before the operation or, in other words, the silk ligatures had cut through the tissues and the patient was in every way as before. It was then thought a retropubic approach to the urethra with a ligature of fascia lata tied round the whole circumference of the urethra at its outlet from the bladder tightly enough to hold firmly with a No. 7 catheter in position and the knot in the fascia lata fixed in position with silk ligatures would permanently narrow the urethra and bring about mucosal approximation.
After this she was dry at night for the first six months in her life; then the enuresis returned.
To see if the urethra could have widened again due to the fixation stitch of silk of the fascia lata giving way or whether our theory of nocturnal enuresis was wrong the urethra was measured again. It had reverted to its former size. A catheter No. 16 English could easily be passed. Here, each time the urethra was narrowed and mucosal apposition obtained nocturnal enuresis was cured. The method of cure of some cases of enuresis is now one of technique to produce a permanent narrowing to cause apposition of the urethral mucosa in the resting relaxed condition of sleep after all obstructions have been removed.
Drugs that depress the action of the pelvic nerves and leave the sympathetic unopposed increase the resistance of the sphincteric mechanism and thus increase the resistance to emptying. Jennings Marshall has attempted to do this surgically by severing the majority of the fibres entering into the pelvic nerves. It is noteworthy that some of our cases who did not react to Pro-Banthine before plastic operation did so afterwards. It is assumed that before operation the opening was too wide for the drug to cause any effect but that the extra contracture after the plastic operation was sufficient to keep the mucosa in apposition which it was unable to do before operation.
Frequently a psychological state comes to overshadow the physical one. Pavlov has stated the longer a conditioned response is maintained the harder it is to extinguish it. The child by its bed-wetting has seen the attention showered upon it and often uses it as a defence against its deficiencies and as an excuse for bad school reports. The psychological condition has been set in train by the physical one and not vice versa. The psychological factor must not be lost sight of when the physical abnormalities are overcome.
In enuretics that have resisted all previous medical treatment we find that in those cases with valves, roughly 43 % are cured of their bed-wetting with one treatment, 45 % are improved and in the short time of supervision 12 % showed no change. In some the valvular obstruction may not be completely eradicated in one sitting, and in others the wide bladder neck has not yet had time to return to normal, and only time decides as to whether a plastic operation on the bladder neck may be necessary to bring about mucosal apposition. In others the marked psychological overlay has not been got rid of. It will take further timre to get an accurate picture, as children improved may become cured or possibly vice versa.
The operation that I have been doing for some time in cases of bladder-neck dilatation aims at producing a permanent approximation of mucosa. In the first place all valves or obstructions are removed, then, through a retropubic approach a width of the muscle of the urethra down to the mucosa and extending up into the lower part of the bladder ending in an acute angle is excised leaving the mucosa intact. The cut edges of the muscle are then brought together causing inversion of the mucosa and producing a muscular ring firmly around it. -To allow these edges to come together without tension, the pelvic fascia at the side is incised and the urethra slightly separated from the vagina. On account of the plexus of veins there is a fair amount of bleeding which can be tedious and adds to the difficulty of what aims at an accurate amount of excision and approximation. It is essential that mucosal apposition of the sphincteric opening should be obtained and removal of over half the circumference is usually necessary. A catheter-No. 5 or 6-which should be felt to be gripped, is tied in, after the manner of Harris, and the bladder closed. The mucosa, if torn, is sewn separately with plain 00 catgut and the muscle with silk or linen thread; a help in some cases is to tie a ligature round the whole urethra to ease the tension on the sutures. It is essential that all clots are removed from the bladder, as a small catheter is inclined to block and throw strain on the sutures. A drip should be in readiness, as many of these children are not over-robust. There have been no complications of the operation. This seems a severe operation, but it is no more severe than that for stress incontinence in adults, and it is reserved for those patients with a wide bladder neck who are not regaining tone after an obstruction is removed and for the neurogenic cases. The results are encouraging (Figs. 7, 8, 9, 10 
SUMMARY
Enuresis is a complex problem. It may be due to psychological or organic causes, or the psychological may overlie the organic.
A greater number of enuretics than hitherto thought have an organic base for their condition.
There are two main types-obstructive and neurogenic. Obstruction causes first hypertrophy of the detrusor and sphincteric musculature; then if no infection supervenes this is followed by dilatation of the vesical neck. This dilatation may return to normal if the obstruction is removed. If the dilated sphincter does not return to normal continence can be achieved by a special plastic operation to bring about mucosal apposition by the involuntary muscle. In the presence of infection constriction at the bladder neck is likely to occur.
Early diagnosis of the cause of enuresis is essential and can, without disturbance, be achieved by the opaque cysto-urethrogram and the urethroscope. Surgical treatment offers safe and satisfactory treatment to many enuretics. I should like to pay tribute to the willing co-operation of my medical and surgical colleagues in Belfast. I am greatly indebted to Professor Allen and his Department of Child Health" for many of the patients and to Dr. Fisher, Dr. Ian Forsythe and my radiological frieni for their enthusiastic help in selecting and investigating by X-ray many of these cases refeftd to me. I cannot speak too warmly of Dr. Ian Forsythe, who not only introduced the barium technique but helped with notes and investigations and supervision of patients. I am merely the spokesman of a co-operative effort.
